Reitman in 1957 and Mannheimer in 1961 used endotracheal tubes of 4-mm internal diameter (i.d.) to ventilate anaesthetized, paralysed patients undergoing bronchoscopy. Maintenance of anaesthesia and gaseous exchange were achieved by manual ventilation. Both authors found that operating conditions were excellent and that ventilation was adequate. However, Reitman's method (1957) did not receive further attention (for more prolonged procedures) because gas exchange was inadequate as a result of the use of such low flows of gases (3-4 litre/min) through small endotracheal tubes.
Recently, we described the use of 4-mm (i.d.) cuffed endotracheal tubes and an interrupted high flow of gases in microlaryngoscopic procedures (ElNaggar et al., 1974) . We found that these tubes offered an adequate view of the larynx and adequate gas exchange. This investigation was undertaken to evaluate the use of this system to ventilate the anaesthetized, paralysed patient undergoing bronchoscopy for diagnostic or therapeutic procedures.
EQUIPMENT
The arrangement of the equipment used is shown in figure 1 . The source of the high pressure gas may be the oxygen cylinder fitted with a one stage regulator which maintains a pressure of 50 Lb./ sq.in. at the outlet (A). The high flow of gases from this source may be intermittently interrupted by a manually operated valve (B) connected by nonkinkable tubing (C). The valve is connected directly by narrow oxygen tubing (E) with a 4-mm cuffed endotracheal tube (D). An extension i.v. tubing (F) connected to a 12-ml syringe was used to inflate intermittently the cuff of the tube. In this system, inspiration was started by pressing on the M. EL-NAGGAR. M.D.. Department of Anesthesiology, Cook County Hospital, Chicago, Illinois, USA. manually operated valve with concomitant inflation of the cuff of the tracheal tube. Expiration occurred around the tube when the cuff was deflated. When the bronchoscope (G) was inserted into the laryngeal inlet, intermittent inflation of the cuff was stopped and the proximal end of the bronchoscope was kept open; expiration then occurred through the lumen of this device.
Currently, we are using as a source of the high gas flow nitrous oxide (H) and oxygen (I) cylinders fitted with one stage regulators; the outlet of these cylinders was connected with a high flow blender (J) which delivered 0-75% nitrous oxide in oxygen at a constant pressure of 50 Lb./sq.in. at the outlet. A mechanical device (K) is also utilized CUT- rently to interrupt intermittently the gas flow delivered from the high pressure source of gas without changing the driving pressure. In addition, this device inflates concomitandy the cuff around the tube during inspiration and actively deflates the cuff during expiration. The machine is fitted with an on/off switch, Hiais to change the inspiratoryexpiratory ratio and valves that can be manually operated to initiate or sustain expiration or start a new inspiratory cycle.
PATIENTS AND METHODS
Details of the patients anaesthetized with this system are shown in table I. Premedication comprised chloral hydrate 0.5-1.0 g by mouth the night before surgery and morphine sulphate 5 mg, diazepam 5 mg, and atropine sulphate 0.5 mg by i.m. injection 1 hr before anaesthesia. In the operating dieatre, the patients were oxygenated for 5 min prior to induction of anaesthesia. An i.v. infusion of balanced salt solution was commenced. A blood pressure cuff, chest stethoscope and electrocardiograph electrodes were attached and anaesthesia was induced with thiopentone sodium 3-5 mg/kg followed by suxamethonium 1 mg/kg. The upper airway was sprayed widi lignocaine 4% and the trachea was intubated with a cuffed 4-mm endotracheal tube connected to the jet system. Anaesthesia was maintained with 60% nitrous oxide in oxygen or with intermittent injections of thiopentone sodium when the high flow nitrous oxide-oxygen blender was not available. Paralysis was maintained with intermittent injections of suxamethonium or other muscle relaxants according to the condition of the patient, the anticipated duration of the procedure and the experience of the anaesthetist. Adequacy of ventilation was judged by assessing chest movements, the stability of vital signs and by measurement of the arterial bloodgases and pH. Ventilation was adjusted by altering the respiratory frequency, the inspiratory/expiratory ratio and the degree of inflation of the cuff.
Guided by the tube, the surgeon placed a bronchoscope of the suitable type and size into the trachea. The proximal end of the bronchoscope was kept open to allow for expiration and inflation of the cuff during inspiration was stopped when the bronchoscope had passed the laryngeal inlet.
This technique allowed related procedures to be performed with the same equipment, e.g., laryngoscopy, pharyngoscopy, oesophagoscopy, mediastinoscopy, tracheostomy, scalene lymph node biopsy and gastrostomy.
At the end of the procedure the patient was allowed to regain skeletal muscle activity for the surgeon to examine laryngeal movements. Adequate suction of the airway was then performed under direct vision, while assisted or controlled ventilation was maintained with 100% oxygen. When the patient had regained adequate airway reflexes and spontaneous ventilation the endotracheal tube was removed, and the patient was transported in the tonsillar position to the recovery room.
The surgeons were asked to comment on the adequacy of the operating conditions, when this method was used, in comparison with their previous experience with the Sanders or ventilating bronchoscopes. In addition, the patients were asked about intraoperative awareness and if they had experienced unusual discomfort. Table II shows the arterial blood-gas and pH measurements obtained with the patients breadiing air prior to induction of anaesthesia, during anaes- thesia with 60% nitrous oxide/40% oxygen and while breathing room air during recovery from anaesthesia.
RESULTS

DISCUSSION
In this investigation, the use of cuffed endotracheal tubes to deliver interrupted jets of oxygen or nitrous oxide and oxygen into the trachea during bronchoscopy was found to provide advantages to the patient, surgeon and anaesthetist. The patients were comfortable and amnesic to the procedure and the surgeon had excellent operating conditions. He was not limited by time, had an uninterrupted procedure and could extend his manipulations to other related techniques, e.g., laryngoscopy, tracheoscopy, pharyngoscopy, oesophagoscopy, mediastinoscopy, scalene lymph node biopsy, tracheostomy and gastrostomy. The anaesthetist was able to adjust the patient's ventilation to provide acceptable blood-gas values (table II) . Induction of anaesthesia and recovery were rapid and the technique allowed the use of 100% oxygen or mixtures of nitrous oxide and oxygen and prevented the aspiration of secretions. These findings are in agreement with those reported by Reitman (1957) and Mannheimer (1961) . The use of 4-mm endotracheal tubes in bronchoscopy divorced the anaesthetist's equipment from that of the operator. This distinguishes the method from others dependent on the bronchoscope to deliver the fresh gas flow: ventilating bronchoscope, Sanders bronchoscope (Sanders, 1967) , or the intermittent injection of a high flow of gases through the side arm of the bronchoscope (Carden and Schwesinger, 1973) .
At the time of the preparation of this article, Gillick (1974) described the use of a separate catheter to deliver the interrupted high flow of fresh gas flow for bronchoscopic procedures. Many of the advantages encountered in our method are achieved with Gillick's technique (1974) . However, in contradistinction to the inconvenience of making the tubes and then sterilizing them before use as in Gillick's method, the endotracheal tubes are available, disposable, familiar to the anaesthetist, and are easily inserted in the adult trachea.
The disadvantage of this technique is that the endotracheal tubes may slip out of the larynx during manipulation unless they are well inserted into the trachea. Another hazard is the possibility of hyperinflation of the lungs if an inspiratory cycle is allowed to start before expiration is complete. 
SUMARIO
El empleo de tubos endotraqueales, tipo standard de 4 mm con extremos ribeteados, para transmitir manual o mecanicamente chorros intermitentes de oxigeno o 6xido nitroso y oxigeno en la traquea, permiti6 realizar la broncoscopla y otros procedimientos afines con ventajas para el paciente, cirujano y anestesista. Este documento describe el material empleado y las ventajas obtenidas.
